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SBSTRACT 



in 



A study determined the effects of fatigue produced 
the upper extremities on the reaction time, movement time, and 
response time of the lower extremities in 30 male sub3ects>^19-25 
/years bid. Each subject participated in & 10 trial practice session 
/one day prior to the experiment and immediately preceding the 
pre-test. The pre-testconsisted of four trials with 15 seconds 
between each trial. One minute after the termination of the 
progressive arm ergometry exercise, post-test, recovery 1^ 2, and 3 
reaction time treatments -were administered^ A single group design 
ANOVA with repeated measures indicated: that reaction, movement, and 
response times were significantly faster during the pre-test than 
during the post-test, recovery 1,., 2, or 3, while there were no ;__ . 
significant differences between mean times for post-test, recovery 1, 
2, or 3. The ANOVA for trial effects during the third trial were 
significantly faster than during thf first trial, while there were no 
significant differences between/ bthervtrials. It was concluded that 
heavy physical fatigue produced in the upper extremities transferred 
-* extremities and significantly impaired the whole body 



to the lower 

reaction time, movement time, and/respbhse time and 
deteriorative effect remained during acute recovery 
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ABSTRACT 



EFFECTS OF. ARM ERGOMETRY EX£ii2I5E .ON XtE REACTION , MOVEMMT AM) RESPONSE ... 
-TIMES OF THE fcOWEE EXTREMITY / 



This. ii4^estl|$tidn was des igk^v^-^I^^ine the effects of fatigue 
produced in the tipper extremities ob|^|I^^Jictidn time, movement time and 
response time of the flower extremities* °Su§^cts included 30 male vol- 



unteers ranging iry age from 19 to 25 years . Each* subjy^t participated 

_ - - -_ - . _ .-_ _ )) • ? - _ _ . •. _ ■ 

in a 10 trial -practice session one day prior to the ek^iiment and inane- . 

diately preceding the pre -test in order to reinforce learning ckd reduce 



warm-up decjiment . The. pre- test" consisted" of four trials witU 15 seconds 
between each trial. One minute after the termination of the progressive • 
arm ergometry exercise (endpoint heart rate « i80)i post-tes't, recovery 1, 
2 and 3 reaction time treatments were administered. A single group design 
ANOVA with repeated measures indicated that reaction, movement arid response 
times were significantly (pi,,, 01) faster, during the pre -test than during 
tlie post-test, recovery 1,2 or 3, while there were no significant dif- 
ferences between mean-: times for the post-test, recovery 1, 2 or 3. The 
ANOVA for trial effects indicated that the mean -reaction, movement and 
response times during the third trial were significantly (p £-;bl) fas ter 
than during the first trial while there were no significant differences / 
between the second, third and fourth trials or the first, second and fourth 
trials. The author concluded that heavy physical fatigue produced in the 
upper extremities transferred to the lower extremities arid significantly 
impaired the whole body reaction time, movement time and response time and 
that this deteriorative effect remained during acute recovery. 



In several sports including boxing the upper.; extremities, become 
very fatigued. The effect of this upper. extremities fatigue on the 
reaction, time, movement time, £nd response time of the_ lower extremi- 
ties would be of interest to coaches and athletes .since constant foot- 
work is an important aspect of many sports. 

Numerous investigations have been conduc ted to identify factor^ * 
which impair reaction, movement and response times (1, 4,6, 7, 9, i0»l2)« 
Fatigue, which is produced by exhaustive muscular work, has been identi- 
fied as an impairment to motor performance. Experiment ta 1 -e vide nee -s ug- — 

gests that local muscular fatigue increases reaction^ movement and re- / 

7~/' • . 1 ■ \\_ . _. * _ ; ^ - 

sponse times in the exercised limb; however, evidence is lacking to 

identify the effects local muscular ^fatigue on the reaction, move- 
ment and response time of the non-exercising limbs. The purpose of. 
this study was to determine the Effects of fatigue produced in 'the upper * 
extremities on the reaction, movement and response time of the lower 
extremities . ;r 

METHODS 

Subjects for the study included 30 male volunteers ranging in age 
from 19 to 25 years. Ail subjects received a medical clearance for parti 
cipation in the study' and signed informed consent was obtained. 

Reaction and movement time were recorded using^a T.K.K. whole body 

reaction timer model 1264. The simple reaction and movement time task 

- • . - - .* 

■4 . / ' 

involved responding to a visual stimulus and jumping with both feet from 
one switcfimat to .another positioned 50 cm directly in front of the sub- 
ject. • The subjects Were given a ready command immediately before the 
stimulus Sutton was pressed. The 1264 reaction timer automatically 



; varied the pre-stimulus interval. The 1265 also provided a digital- record] 
of reaction arid movement time iri milliseconds « . " * - 

The ' subjects participated in a 10 trial task one day prior to the 
experiment in order to acclimate them with the equipment and procedures 
and to allow adequate learning of the task. A 10 trial practice ses- 
sion immediately preceded the pre- test in order to reinforce learning 
and to reduce the possibility of a warm-tap decrimerit, '! 

The pre -test consisted of four trials with 15-secohd intervals be- 
tween trials . After pre -test-measurements were recorded the subjects 
performed a heart rate limit&d (HR=180) arm. ergometer exercise on a 
Monarch Model 880 Rehab Trainer. The subjects were seated with the legs 
crossed/and bound. The arm ergometer exercise consisted of consecutive ' 
three minute, workboutfc, beginning at 0 kgm/min and sequentially increased 
every three minutes by 150 kgm/min joairil the subject reached and maintained 
.a heart rate of lSO^bpm far 15 seconds. A cranking rate of 50 revolutions^ 
per minute was paced by an electronic metronome. Heart rate was monitored 
using a Quinton Cardiotachorae ter Model #609. 

Immediately following >the termination of the arm ergometer exercise, 
a one minute rest interval was given during which the subject was moved 
into position for the post -test reaction, movement and response time 
trials. Again, four trials were given with 15 second. intervals between 
trials, / ( Recovery effects were monitored by administering three, four 
trial recovery ieii with three minute rest intervals between recovery « 
treatments. r 
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_■ ' ; ..." RESULTS , '-~-_> ;i 

The data were analyzed iisihg a single group desigh ANDVA with repeated ; 
measures* When F-ratios indicated tKat significant differences existed^ 
Duneaii' 3 New Multiple Range test was used to locate th^ sources of the 
significant differences • All statistical values were tested for signi- : 
fleance at the«^«.65 levels 

Significant F-ratios Op 41 .01) for. treatment effects were obtained 
for re ac t ion , mo verae n t and response times. The Duncan's post hoc analysis 
indtcated__that_ra and. response times were significantly 

faster during the pre -test than during the post-test, recovery 1, 2 or. 
3, wtoile there were no significant differences between mean times for 
She post-tests recovery 1, 2 o t r 3 (Figur.es 1 and 2). 

Significant (p < .01) F-ratids for trial effects were also obtained 
for reaction, movement and response times. The Duncan's post hoc analy- 



sis indicated Ehat the reaction, movement and response time, during the *' 
third trial was significantly faster than during the first trial, while thire 
were no significant differences between the second, third and fourth ^ 
trials , or the firstf second and fourth trials (Figures 3 and 4). 

The treatment by^25riai interaction effect foir all variables provided 
nonsignificant ;. (p > .05) F-ratibs. This hbh -significant interaction 
signifies that the differences ^observed itmong the trial and treatment 
effects hold true .with repeated sampling. 

.DISCUSSION 

The results of the current investigation indicated that fatiguing 
arm er gome try work (HR=i80) caused a significant (p< .01) decriment in 
whole body reaction, movement and response times. These findings were 



- indirectly in agreement with the findings of Alderman : (1)* Garrbn (4), 

Bender and McGlynn (3)* arid Williams and Singer (14). These authors 
studied^ the effects of localized fatigue on performance and reported. 

significant decrements in performance following, fatiguing exercises „ 

- ■ - >_ 'i - - - - . * .- ' 

In an early study Alderman (1) used arm ergometry exercise as a • f V*- 

fatiguing task and reported a significant decriment in performance in 
motor coordination tasks emphasizing both speed (Rho test) and accuracy i! 
(pursuit rotor) of &rm movements. 

The findings of the current study conflicted -witfi the findings 
of Elbel/<5), Meyers, Zimmerli, Farr and Baschnagel (11), Phillips (12), 
and Welch (13). These conflicting findings could have bien caused 
because the fatiguing tasks employed in these studies required submaximal^ 
levels of physiological work. In essence the subjects were being warmed- 
up rather than fatigued. 

Most of the previously mentioned studies were designed to evaluate 
the effects of localized fatigue on the performance of the specific 
muscie^groups involved in the fatiguing task; however, v Welch (13) studied 
the possibility of _transfer of fatigue from the working legs to the 

<non-working arms and reported, in absence of fatigue transfer from heavy 

, __ \ . _ " % 

leg work to .coordination tasks using the arms* 

The ta was evidence that the workload used -in the current experi- 
ment was heavy and' produced fatigue . Several clinical signs of fatigue 
including sweating, labored breathing, as well as inability to maintain 
the initial rate of cranking and oral complaint of local muscular fatigue 
were observed during the last minutes of exercise. The current author 
has previously reported that the mean maximum HR during arm work in the 



sitting position of a "group of college males was 182 bpm (8). -Since all sub- 
jects in the current study reached a heart rate of 180, the researcher- assumed " 
that the work intensity was very, hear maximum levels* 

* ssr== * - - • . - ■ . • ■ - ■ ■ 

The detrimental effect of fatigue on performance is probably the result 

^•. : __.._. jr _: J _-_ '_[ , „, * . ... • 

of the accumulation of the usual by-products from the v biochemical reactions 

which occur during heavy fatiguing physical exercise. Asmusseri and Nielsbn 

have reported that york requiring fewer muscles to achieve a given rate of 

'oxygen uptake is accompanied by higher lactate level© than when greater muscle 

mass _ is involved. Thus, arm work would be expected to produce higher lactate * 

levels than comparable work using the legs, increasing the chance of possible 

detrimental effects on performance. !^ 

- : - - '"<- _ : < ' /:'" . _r ' 

The results of the current study also indicated that there were significant 
differences (p* .01) between the first and third trials for reaction, movement 
and response times* while there were no significant differences (p>. 01) be- 
tween the. first, second and fourth or the second, third and fourth trials. 
Figures 3 and 4 show post- test, recovery 1, 2 and 3 data- only since' there was 
no trend among pre -test trials.. For all variables, the third trial was sig- 
nificantly faster than ths first trial. -These differences between trials per- 
sisted throughout the post -test, and recovery 1, 2 and 3. Perhaps the differences 
between trials were due to the posture during recovery. Since the subjects 
were in ^a sitting position during the recovery period arid during the stress 
test, this would cause a pooling of blood in the lower extremities trapping " 
high levels of lactate in the muscles. Each performance trial was followed 
by a 15 second preparation interval, therefore the subjects had beery 1 actively 

involved in trials one and two arid standing for 45 seconds before ttxkt thre^. 

; - * ' -■-«.'"' ■' ■ ./ •/• <. : -' ' 

The active participation in trials one arid two and the elapsed time would 



allow the body to adapt to postural changes and would increase venous return ■ 
to the heart which would assist in removing some of the trapped lactate. 
These findings seem to suggest that in sports such as boxing where upper 
extremities fatigue is eminent, the participant should maintain an erect posture 
and lift the legs during the rest interval between rounds. Based on the data 
obtained from the current investigation the researcher concluded that heavy 
physical fatigue produced in the upper extremities transferred to the lower 
extremities and significantly impaired the whole body reaction time, movement 
time and response time and that this deteriorative effect remained during 
a cute, recovery . »■ 

4 : 
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Figure 1; Mean Reaction arxd Movement Time Across Treatments 
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